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Supplementary	Information	
Extended	Experimental	Procedures	
Stocks	The	UAS-DIP-γ	transgenic	line	(2nd	chromosome)	was	generated	by	Rainbow	Genetics	by	injecting	a	plasmid	from	the	UFO	cDNA	library	made	by	the	DGRC.	The	UAS-Dpr11	transgenic	line	(3rd	chromosome)	was	obtained	from	the	FlyORF	library	(Bischof	et	al.,	2013).	
Genotype	 Figures	 Source	
dpr11MiMIC	MI02231	5’>EGFP	 3-7,	S4,	S7	 Bloomington,	Indiana	
DIP-γMiMIC	MI03222	5’>EGFP	 3-7,	S4-S7	 Bloomington,	Indiana	
DIP-βMiMIC	MI01971àGAL4	 3,	S5	 This	study	
dpr6MiMIC	MI04582>EGFP	 3	 Bloomington,	Indiana	
dpr10MiMIC	MI03557	GT	 3,	5,	S5	 Bloomington,	Indiana	
DIP-αMiMIC	MI02031>EGFP	 3,	5	 Bloomington,	Indiana	
DIP-γMiMIC	MI03222	5’àGAL4	 4,	6,	S3,	S6	 This	study	
dpr11-EGFP-dpr11	 S4	 This	study	
dpr6-EGFP-dpr6	 5,	S4	 This	study	
y1w67c23;P{EPgy2}DIP-γEY02750	 S4	 Bloomington,	Indiana	
y1w1118; P{w+mC=lacW}Dadj1E4/TM3, Sb1 4 Bloomington,	Indiana 
Rh4	-LexA::p65,	8XLexAop2-brp-short-mCherry	(II)	 7A-G,	S7A-B	 Takashi	Suzuki,	Tokyo	Institute	of	Technology	
Rh4Gal4	(II)	 6B,	S7C	 Claude	Desplan,	New	York	University	
UAS-CD4-tdTomato	(II)	 6B,	S6B,	S7C	 Elizabeth	Gavis,	Princeton	University	Split	Gal4	driver	line	for	Dm8	neurons:		
yw;	vGlut-dVP16AD/Cyo;	ortC2-Gal4DBD/TM3			
6	 Chi-hon	Lee,	NIH/NICHD	Split	Gal4	driver	line	for	Tm5a/b	neurons:		
yw;	Ort	C1a-Gal4	DBD#3/Cyo;	dVP16AD-18K/TM6B	
[Tm5a/b(18)]		 S6	 Chi-hon	Lee,	NIH/NICHD	FLP	line	for	DIP-γ	FLP-outs:	yw,	hs-FLP/Y;	UAS	FRT	
CD2,y+	FRT	mCD8GFP/Cyo;	TM2/TM6B		 6D-E,	S6C-D	 Chi-hon	Lee,	NIH/NICHD	Driver	for	Dm8	neurons	in	control	and	mutant:		
OrtC2b	Gal4		 7L-O	 Chi-hon	Lee,	NIH/NICHD	
UAS-EGFP	(II)	 S6A,	E	 Bloomington,	Indiana	
w*;	P{10XUAS-IVS-mCD8::RFP}attP40	(II)	(BDSC	32219)	 6B,	F,	7H-I	 Bloomington,	Indiana	
w1118;	P{UAS-RedStinger}4/CyO	(II)	(BDSC	8546)		 	7N-O,	S7M-N	 Bloomington,	Indiana	
w[*];	P{y[+t7.7]	w[+mC]=10XUAS-IVS-
myr::tdTomato}	attP40	(II)	(BDSC	3222)	 7L-M	 Bloomington,	Indiana	
pBac	allele	for	dpr11:	Dpr11LL0139	(Kyoto	allele)	 S4,	S7K-L	 Kyoto	Stock	Center	
Df(3R)BSC193	(dpr11	Df)	 4,	S4,	7A-E	 Bloomington,	Indiana	
Df(3R)BSC806 (DIP-γ Df) 7J-K Bloomington,	Indiana 
Df(3R)Exel6210 (DIP-γ Df) 4, S4, 7A-E Bloomington,	Indiana 
PM181 Gal/Cyo 7H-I Maximilien Courgeon, 
New York University 
R42F06 Gal4 (Janelia Farm) 6F-H Bloomington,	Indiana 
3A Gal4 S6F Bloomington,	Indiana Genotypes	and	number	of	samples	used	for	quantitation	in	Figure	4	and	S4	is	shown	below:	
Genotype	 Number	of	NMJs	 Figure	
Wild	type	 157	 4	
dpr11MiMIC/+	 78	 4	
DfBSC193/+	 82	 4	
dpr11MiMIC/	dpr11MiMIC	 79	 4	
dpr11MiMIC/DfBSC193	 67	 4	
DIP-γ	MiMIC/+	 70	 4	
DfExel6210/+	 86	 4	
DIP-γ	MiMIC/DfExel6210	 90	 4	
dpr11MiMIC/DIP-γ	MiMIC	 70	 4	
dpr11MiMIC,	DfExel6210/DIP-γ	MiMIC,	DfSBSC193	 80	 4	
Elav-Gal4/+	 68	 4	
Elav-Gal4/+;	UAS-dpr11,	dpr11MiMIC/DfBSC193	 98	 4	
Elav-Gal4/UAS-DIP-γ;	DIP-γ	MiMIC/DfExel6210	 83	 4	
MHC-GS/+;	UAS-dpr11,	dpr11MiMIC/DfBSC193	(-	RU)	 96	 4	
MHC-GS/+;	UAS-dpr11,	dpr11MiMIC/DfBSC193	(+	RU)	 111	 4	
Elav-Gal4/UAS-DIP-γ;	DIP-γ	MiMIC/DfExel6210		 58	 4	
Elav-Gal4/UAS-DIP-γ;	DIP-γ	MiMIC/DfExel6210		 38	 4	
Dad1jE4/+ 60 4 
dpr11MiMIC/	Dad1jE4	 75	 4	
DIP-γ	MiMIC/	Dad1jE4 56 4 
Elav-Gal4/+;	UAS-TkvAct/+	 88 4 
Elav-Gal4/+;	UAS-TkvAct/dpr11MiMIC 92 4 
Elav-Gal4/+;	UAS-TkvAct/	DIP-γ	MiMIC 87 4 
Wild	type	 89	 4/S4	
dpr11MiMIC/+	 117	 4/S4	
DfBSC193/+	 116	 4/S4	
dpr11MiMIC/DfBSC193	 61	 4/S4	
DIP-γ	MiMIC/+	 65	 4/S4	
DfExel6210/+	 97	 4/S4	
DIP-γ	MiMIC/DfExel6210	 104	 4/S4	
dpr11MiMIC/DIP-γ	MiMIC	 103	 4/S4		Genotypes	and	number	of	samples	used	for	quantitation	in	Figure	7	is	shown	below:	
Genotype Number of OLs Figure 
OrtC2b>UAS nucDsRed; DIP-γ MiMIC/+ 8 7 
OrtC2b>UAS nucDsRed/+; DIP-γ MiMIC/DfBSC806 8 7 
Rh4>Brp-shortmCherry /+; dpr11MiMIC/ 16 7 
Rh4>Brp-shortmCherry /+; dpr11MiMIC/DfBSC193 10 7 
Rh4>Brp-shortmCherry /+; DIP-γ MiMIC/MKRS 12 7 
Rh4>Brp-shortmCherry /+; DIPγ MiMIC/DfExel6210 13 7 
Rh4>Brp-shortmCherry /+; dpr11MiMIC/Df Exel6210 12 7 
Rh4>Brp-shortmCherry /+; DfBSC193/+ 10 7 
Rh4>Brp-shortmCherry /+; DIP-γ MiMIC/+ 11 7 
Rh4>Brp-shortmCherry /+; Df Exel6210/+ 12 7 
	
Antibodies	used	for	staining	Rabbit	anti-GFP	(Invitrogen)	was	used	at	1:500.	Rhodamine-conjugated	anti-HRP	(Jackson	ImmunoResearch)	was	used	at	1:50.	Rabbit	anti-pMad	was	from	Carl-Henrik	Heldin	(Ludwig	Institute	for	Cancer	Research,	Uppsala,	Sweden)	and	P.	ten	Dijke	(Leiden	University,	Leiden,	The	Netherlands)	and	used	at	1:100.	24B10	(used	at	1:10)	and	nc82	(anti-Brp;	used	at	1:100)	mAbs	were	obtained	from	the	Developmental	Studies	Hybridoma	Bank	(University	of	Iowa,	IA).	Rat	anti-GFP	(Nacalai	Tesque)	and	rabbit	anti-RFP/Tomato/dsRed	(Rockland)	antibodies	were	used	at	1:500.	Alexa-Fluor	488	anti-mouse	and	anti-rabbit	(Invitrogen)	were	used	at	1:500.	
	
Imaging	of	pupal	and	adult	OLs		Imaging	of	pupal	and	adult	OLs	was	performed	on	a	Zeiss	LSM510	confocal	microscope	with	a	40X	objective.	z-slices	for	all	experiments	were	1	µm	at	zoom	1	except	for	those	in	
Figures	7A-D	and	S7A-C	which	were	at	0.6	µm	at	zoom	2.	Experiments	on	all	adult	OLs	were	done	on	0-24	hr.	old	adults,	except	for	those	in	Figure	7L-M,	which	were	5	day	old	adults.		Adobe	Photoshop	was	used	for	image	processing.		Counting	of	yR7	terminals	labeled	with	Brp-shortcherry	was	done	on	a	confocal	z-stack	taken	at	zoom	2	and	0.6	µm	sections.	For	the	DIP-γ	control	and	mutant	samples,	we	kept	track	of	those	yR7	terminals	that	projected	in	a	DIP-γ	MiMIC	gap	and	those	that	abutted	next	to	a	Dm8.	Dm8	cell	body	populations	were	counted	by	going	through	1	µm	slices	of	the	Me	cortex	region	of	a	confocal	z-stack	and	outlining	all	the	Dm8s	in	the	Dm8	channel.	This	was	followed	by	outlining	those	that	were	DIP-γ	positive	in	the	DIP-γ	channel	in	a	different	color.		
Additional	information	on	electrophysiology	The	dissections	were	performed	in	HL3.1	solution	containing	(in	mM):	70	NaCl,	5	KCl,	4	MgCl2,	12.5	CaCl2,	10	NaHCO3,	5	trehalose,	115	sucrose,	and	5	HEPES,	pH	7.2.		For	recording,	HL3.1	solution	was	used	with	1mM	CaCl2.	Evoked	and	spontaneous	EPSPs	were	recorded	using	20-30	MΩ	microelectrodes	filled	with	3M	KCl.		Only	muscles	with	a	resting	membrane	potential	of	<-60mV	were	analyzed.	Current-clamp	recordings	were	done	using	an	Axoclamp-2B	amplifier	(Axon	Instruments,	Foster	City,	CA).	mEPSPs	were	recorded	for	20	seconds	and	the	traces	were	analyzed	using	Synaptosoft	(by	J.	Lee;	Synaptosoft).		
Extracellular	Interactome	Assay	and	new	Dpr	and	DIP	constructs	included	in	the	
ECIA	All	proteins	for	the	ECIA	were	expressed	using	Drosophila	Schneider	2	(S2)	cells	by	
transient	expression	with	pECIA-2	(for	expression	with	the	Fc-tag)	or	pECIA-14	(for	expression	with	the	AP5	tag),	as	detailed	in	Özkan	et	al.,	2013.	For	creating	chimeras	to	enhance	expression	of	certain	Dprs,	Dpr4,	Dpr15	and	Dpr18	D1s	(synthetic	DNA	fragments)	were	fused	into	Dpr6	backbones,	replacing	the	Dpr6	D1.	Only	the	structural	first	domain	of	Dpr6	was	replaced	with	D1s	from	other	Dprs;	the	signal	peptide,	and	the	mature	protein	regions	surrounding	D1	of	Dpr6	were	kept	in	these	chimeras.	Exact	sequences	of	constructs	are	available	on	request.	For	the	ECIA,	the	cDNA	for	the	newly	identified	Dpr21	gene	(CG42596)	was	synthesized.	Also,	a	putative	TM	region	was	removed	from	the	DIP-ι	(CG11320)	construct	in	the	extracellular	domain	constructs	used	for	ECIA.		The	ECIA	results	were	analyzed	for	Dprs	and	DIPs	that	were	previously	orphans:	Dpr4,	Dpr15,	Dpr18,	Dpr21	and	DIP-ι.	CG31814	and	CG40378,	which	are	related	to	DIPs,	were	also	orphans	in	the	original	Dpr-ome.	Both	expressed	well	but	had	no	interaction	partners	(Figures	S1C-D),	and	we	have	removed	them	from	the	network.	We	factored	in	two	conditions	for	identifying	true	positives:	(1)	Binding	signal	should	be	significantly	over	background	levels	for	any	given	bait	and	prey	to	account	for	non-specific	binding	for	any	Dpr	and	DIP	(generally	at	z	>10,	while	excluding	positives/outliers	from	the	mean	and	standard	deviation	calculations),	and	(2)	Binding	should	be	observed	regardless	of	orientation,	i.e.	with	both	proteins	in	bait	and	prey	orientations	(Özkan	et	al.,	2013).	Both	criteria	are	necessary	to	avoid	non-specific	hits	especially	with	sticky	proteins	DIP-γ-Fc	and	Dpr8-AP5.		
It	should	also	be	noted	that,	the	Dpr6	chimera	strategy	has	especially	helped	observe	binding	for	Dpr15	(compare	rows	for	Dpr15	and	Dpr15/6	in	Figure	S1),	which	would	have	otherwise	remained	as	an	orphan.		
Protein	expression,	purification	and	crystallization	Dpr6,	Dpr11,	DIP-α,	and	DIP-γ	extracellular	domains	were	expressed	using	baculoviruses	in	High	Five	cells	(Trichoplusia	ni)	in	secreted	form	with	the	baculovirus	transfer	vector	pAcGP67-A.	All	expression	was	performed	in	Insect-XPRESS	serum-free	culture	medium	(Lonza).	Proteins	were	C-terminally	hexahistidine	tagged.	Proteins	were	purified	with	Ni2+-NTA	agarose	columns	(QIAGEN)	followed	by	size	exclusion	chromatography	(Superdex	200	columns,	GE	Healthcare).		For	immobilization	on	SA	(streptavidin)	Biacore	chips	during	SPR	experiments,	we	also	created	Dpr	constructs	that	were	additionally	tagged	with	a	biotin	acceptor	peptide	tag,	also	known	as	the	Avi-tag	(Avidity,	LLC),	N-terminal	to	the	hexahistidine	tag.	Biotin	acceptor	peptide-tagged	Dprs	were	biotinylated	in	culture	by	co-infection	with	a	secreted	BirA	expression	baculovirus,	while	the	culture	was	supplemented	by	100	µM	Biotin.		For	crystallization,	several	constructs	of	Dpr6	and	DIP-α,	all	including	the	D1s	of	both,	were	tested.	Proteins	were	individually	made,	and	then	mixed,	followed	by	size	exclusion	chromatography	(Superdex	200	10/300,	GE	Healthcare)	to	purify	complexes.	We	were	able	to	grow	crystals	only	of	Dpr6-D1	with	DIP-α-D1D2,	after	treatment	of	the	complex	with	Carboxypeptidase	A	and	B	to	remove	the	hexahistidine	tags.	Dpr6-D1–DIP-α-D1D2	crystals	
were	grown	in	44%	PEG400,	0.1	M	HEPES	pH	7,	0.2	M	Li2SO4	using	vapor	diffusion	in	the	sitting	drop	setting.		
Crystallography	No	Dpr,	DIP,	or	close	Dpr/DIP	homolog	has	been	structurally	characterized	before.	Therefore,	we	had	to	resort	to	phasing	using	selenomethionine-labeled	proteins.	SeMet	labeling	was	done	during	expression	in	insect	cells	based	on	a	protocol	provided	to	us	by	Karen	Reinisch,	as	explained	in	Dong	et	al.,	2009,	using	the	expression	medium	ESF-921	Delta	Series,	Methionine	Deficient	(Expression	Systems).	SeMet-labeled	complex	crystallized	under	the	same	condition	as	native	complex.		The	crystallization	condition	is	already	cryoprotective,	and	hence	no	extra	cryoprotection	reagents	were	added	during	harvesting	of	the	crystals.		Crystals	of	SeMet-labeled	complex	diffracted	to	2.8	Å.	A	three-wavelength	Multi-wavelength	Anomalous	Diffraction	(MAD)	experiment	was	performed.	Data	was	collected	at	three	wavelengths,	peak,	high	energy	remote	and	inflection,	near	simultaneously.	A	ten-degree	wedge	was	immediately	followed	by	a	second	at	the	inverse-beam	orientation	(+180°),	which	was	then	followed	by	the	same	wedges	at	the	other	wavelengths.	Data	was	collected	for	190°,	plus	the	inverse	beam;	however,	to	avoid	radiation	damage,	only	the	first	120°	and	its	inverse	beam	were	used	for	all	three	wavelengths.	This	was	necessary	as,	by	120°,	the	scaling	factor	has	fallen	by	35%	and	the	scaling	B-factor,	a	good	proxy	for	
radiation	damage,	has	increased	to	10.	This	truncated	dataset	was	still	97%	complete	due	to	crystal	symmetry	(space	group,	P21212).		Diffraction	data	was	analyzed	and	processed	using	HKL-2000	(Otwinowski	and	Minor,	1997),	with	the	recently	introduced	automatic	corrections	option	during	scaling.	Phasing	was	done	using	SHARP	(Vonrhein	et	al.,	2007),	which	utilized	SHELX	for	heavy	atom	location	(Schneider	and	Sheldrick,	2002)	and	SOLOMON	for	density	modification	with	46.1%	marked	as	solvent	(Abrahams	and	Leslie,	1996).	The	structure	was	manually	built	into	the	density-modified	maps.	Later,	the	model	was	imported	into	a	2.30	Å	dataset	collected	from	native	crystals.	Experimental	phases	could	not	be	further	used	due	to	lack	of	isomorphism	between	the	SeMet-labeled	and	native	crystals.		The	structural	model	was	built	and	refined	using	COOT	and	PHENIX	(phenix.refine),	respectively	(Afonine	et	al.,	2012;	Emsley	et	al.,	2010).		
Surface	Plasmon	Resonance	(SPR)	We	used	a	T-100	Biacore	system	for	the	SPR	experiments.	Biotinylated	Dprs	were	captured	on	SA	(streptavidin)	Biacore	chips	(GE	Healthcare),	and	increasing	concentrations	of	DIPs	were	flowed	over	the	chips.	The	running	buffer	of	the	experiment	was	10	mM	HEPES	pH	7.2,	150	mM	NaCl,	0.05%	Polysorbate	20	(surfactant),	0.1%	BSA.			 	
Table S1 (related to Figure 1). Data and refinement statistics for x-ray crystallography. 	 	
				 	
 Dpr6 D1 / DIP-α (CG32791) D1-D2	
Data Collection	  
Space Group	 P21212	
Cell Dimensions	  	
  a, b, c (Å)	 130.250, 49.298, 54.709	
  α, β, γ (°)	 90, 90, 90	
Resolution (Å)	 50-2.30 (2.34-2.30)	
Rsym (%)	 8.2 (68.4)	
<I>/<σ(I)>	 29.5 (1.5)	
Completeness (%)	 99.8 (96.9)	
Redundancy	 11.2 (5.3)	
Refinement	  	
Resolution (Å)	 50-2.30 (2.44-2.30)	
Reflections	 16243	
Rcryst (%)	 20.24 (26.86)	
Rfree (%)	 25.19 (33.03)	
Number of atoms	  	
  Protein	 2457	
  Ligand	 62	
  Water	 126	
Average B-factors (Å2)	
  All	 58.7	
  Protein	 58.6	
  Solvent	 56.7	
R.m.s. deviations from ideality	
  Bond Lengths (Å)	 0.005	
  Bond Angles (°)	 0.683	
Table S2 (related to Figure 2). Contacts between Dpr6 and DIP-α (CG32791). The glycan 
residue N-acetylglucosamine (Nag) found in the interface is the first residue directly linked to 
Asn102 of Dpr6. Possible hydrogen bonds with distances longer than expected (3.2-3.6 Å 
between donor and acceptor) are labeled as “possible H-bond”. 
 
Dpr6 DIP-α interaction mediated by (Dpr6-DIP-α) 
Asn102 His93 possible H-bond main-side, side-side 
  contact main-side, side-side 
Lys103 His93 contact main-side, side-side 
Thr104 Ile91 contact side-side 
Ser106 Ile83 contact side-side 
Ile108 Ile83 contact side-side 
Ile108 Lys81 contact side-side 
His110 Lys81 contact side-side 
Asp112 Met131 contact main-side, side-side 
Ile113 Met131 contact main-side 
Ile113 Gln125 contact main-side 
Ile113 Leu76 contact main-side, side-side 
Ile113 Met123 contact main-side, side-side 
Ile113 Gln125 H-bond main-side 
Ile113 Lys81 contact side-side 
His114 Met131 contact main-side, side-side 
His114 Gln125 contact main-side, side-side 
  H-bond side-side 
Ile115 Gln125 contact main-side, side-side 
  H-bond main-side 
Ile115 Ile83 contact side-side 
Ile115 Leu76 contact side-side 
Ile115 Ile86 contact side-side 
Val118 Ile83 contact side-side 
Val118 Ile91 contact side-side 
Val118 Ile86 contact side-side 
Tyr121 Ile86 contact side-side 
Tyr121 Arg72 contact side-side 
Tyr123 Asn127 contact main-side, side-side, side-main 
  H-bond main-side 
  H-bond side-main 
Tyr123 Arg72 contact side-main 
  H-bond side-main 
Tyr123 Gln125 contact side-side 
  H-bond side-main 
Tyr123 Gly74 contact side-main 
  possible H-bond side-main 
Tyr123 Ile86 contact side-side 
Tyr123 Leu126 contact side-main 
Ser125 Asn127 H-bond side-main 
  contact main-main, side-main 
Ser125 Asp129 contact side-side 
Ser125 Tyr71 contact side-side 
Glu156 Lys81 contact side-side 
Gln158 Thr80 contact side-main 
Gln158 Lys81 contact side-main 
  H-bond side-main 
Gln158 Ala82 contact side-main 
Gln158 Ile83 contact side-side 
  H-bond side-main 
Ser160 His93 contact main-side, main-main, side-side 
  H-bond main-side 
  possible H-bond side-side 
Ser160 Ile91 contact side-main 
Gln162 Thr92 contact side-side 
Gln162 Asn94 contact side-side 
Val164 Ala82 contact side-side 
Nag (Asn102) His93 contact glycan-side 
 
N.B. In addition, an extensive water-mediated hydrogen bonding network is mediated by 
sidechains of Dpr6 residues Glu156, Ser160, Thr104, and Ser106, DIPα residues Asn94 and 
Thr92, and several mainchain atoms. Buried surface area is 1900 Å2, including the glycan at the 
interface, 1810 Å2 without the glycan, with fifteen hydrogen bonds and zero salt bridges, 
determined by PISA (PDBe PISA v1.51). 			 	
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